(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 986 161 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) int. CI 7 : H02K3/12, F04D 13/08, 


15.03.2000 Bulletin 2000/11 


F04B 47/00 


(21) Application number: 99906586.5 


(86) International application number: 


(22) Date of filing: 27.01.1999 


PCT/RU99/00026 




(87) International publication number: 




WO 99/39422 (05.08.1999 Gazette 1999/31) 


(84) Designated Contracting States: 


• OVCHINNIKOV, Veniamin Filippovich 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Moscow, 125206 (RU) 


MCNLPTSE 


• LESNICHY, Vitaly Fedorovich 




Moscow, 11 5404 (RU) 


(30) Priority: 30.01.1998 RU 98101537 


• BEZZUBOV, Alexandr Vasilievich 




Moscow, 129278 (RU) 


(71) Applicants: 


• GRAIFER, Valery Isaakovich 


• Otkrytoe Aktsionernoe Obschestvo Neftyanaya 


Moscow, 117418 (RU) 


Kompania " Lukoil" 


• PAVLENKO, Vladimir Ivanovlch 


Moscow, 101 000 (RU) 


Moscow, 127560 (RU) 


• Obschestvo S Ogranichennoi Otvetstvennpstju 


• SAGALOVSKY, Vladimir losifovich 


" Aeroelektrik-1" 


Moscow, 123060 (RU) 


Moscow, 125047 (RU) 


• KLOCHKOV, Oleg Grigorievich 


(72) Inventors: 


Moscow, 127238 (RU) 


• ALEKPEROV, Vagrt Jusufovich 


(74) Representative: Sarpi, Maurizio 


Moscow, 113191 (RU) 


Studio FERRARIO 


• MAGANOV, Ravil Ulfatovich 


Via Collina, 36 


Moscow, 11 3335 (RU) 


00187 Roma (IT) 



CO 

CD 
CO 
O) 

O 

Q. 

LU 



(54) MOTOR FOR SUBMERGED PUMP 

(57) An electric motor of a submersible pump 
includes a body (1) with a core (2) of a stator arranged 
therein, in slots (9) of a tooth zone (8) of which multiturn 
sections of a two-layer winding are disposed with face 
parts, and a rotor (5). The core (2) of the stator com- 
prises two parts (6, 7), an inner part with slots (9) open 
to the side of the periphery of the part (6), and an outer 
part (7) that is an annular yoke. Each section of the sta- 
tor winding has a substantially square cross section and 
is formed by turns (12) of wire of substantially rectangu- 
lar cross section, the turns lying adjacent each other 
along their large surfaces, wherein a first and a second 
side of each section are positioned in different layers 
(13, 14) of the two-layer winding so that in each slot (9) 
the large surfaces of the turns (12) in the layers (13,14) 
of the winding are oriented mutually perpendicular, and 
the height of the face parts does not exceed the height 
of the slot (9). 

The electric motor serves mainly for use in sub- 
mersed pump units for submersed wells. 
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Description 

FIELD OF THE INVENTION 

[0001J The invention relates to the field of elettrica 5 
engineering, and more exactly, to electric motors of a 
submersible pump with a large length-to-diameter ratio. 

BACKGROUND OF THE INVENTION 
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[0002] During the development of wells, in particular 
oil wells, submersible pump units are used which are 
equipped with a drive, the dimensions of which should 
not exceed the diameter of the well. The electric motors 
usually used as power drives of submerged units, taking is 
this requirement into account, have a large length-to- 
diameter ratio. 

[0003] An electric motor is known which comprises a 
body, with a laminated stator core arranged therein, in 
the slots of the tooth zone of which multiturn sections of 20 
a two-layer winding are disposed with face parts and a 
rotor spaced from the stator. In that construction the 
sections of the two-layer winding are disposed in slots 
open from the side of the face, wherein the sections 
may be formed by turns of wire that has a round or rec- 25 
tangular cross secticin depending on the power of the 
machine (V.V. Dombrovsky, G.M. Khutoretsky, "Basics 
of Designing Alternating Current Motors," Leningrad, 
Energiya, 1974, p. 349, Fig. 8-29). 
[0004] However, when there is a large ratio of the so 
length of the electric motor to the diameter (IVd > 10 ), 
it is impossible in practice to make a winding of sections 
laid into slots from the side of the gap. 
[0005] A submersible electric motor for a pump is also 
known, which includes a body, with a laminated stator 35 
core arranged therein, in the slots of the tooth zone of 
which multiturn sections of a two-layer winding are dis- 
posed with face parts, and a rotor spaced from the sta- 
tor (prospectus of the "Konnas" firm - Submersible 
electric motors). 

[0006] This motor has a large length-to-diameter ratio, 
which excludes the anangement of a two-layer winding 
with preliminary formed multiturn sections in the slots of 
the tooth zone of a laminated core. In such a motor the 
sections of the winding are made of round wire by the 
method of broaching through slots. However, when wire 
with a round cross section is used the filling factor of the 
winding in the slot is small (the ratio of the cross section 
of copper to the cross section of the slot), which is 
accompanied by an increase of the weight and size of 
the motor, a relatively large thickness of the layer of 
impregnation compound is required, which increases 
the thermal resistance for losses in the copper and 
makes the release of heat into the environment more 
difficult. 

[0007] The method of assembling a motor by broach- 
ing wire through a slot, including forming sections of the 
winding directly in the slot, results in the necessity for 



rewinding in the case of insufficient electrical strength or 
damage to the insulation, and also makes the step of 
laying slot insulation more difficult. 

SUMMARY OF THE INVENTION 

[0008] The object at the base of the invention is to cre- 
ate an electric motor for a submersible pump, the con- 
struction of which would make it possible, with a large 
ratio of the length of the motor to its diameter, to prelim- 
inarily form sections of a two-layer winding of the stator 
and to arrangement it in the slots of the tooth zone of the 
core as already formed sections, which would make it 
possible to enhance the filling factor of a slot and, con- 
sequently, reduce the size and weight of the electric 
motor, and also to increase the productivity of submers- 
ible pumps with an electric drive in small diameter wells. 
[0009] The stated object is achieved in an electric 
motor of a submersible pump, which includes a body, 
with a laminated stator core arranged therein, in the 
slots of the tooth zone of which multiturn sections of a 
two-layer winding are disposed with face parts, and a 
rotor spaced from the stator, in that in accordance with 
the invention, the stator core comprises two parts, an 
inner part including a tooth zone with slots open to the 
side of the periphery of that part, and an outer part 
encompassing the inner and being an annular yoke, 
each section of the stator winding has a substantially 
square cross section and is formed by turns of wire of 
substantially rectangular cross section, the turns lying 
adjacent each other along their large surfaces, wherein 
a first and second side of each section are positioned in 
different layers of the two-layer winding so that in each 
slot the large surfaces of the turns in the first and sec- 
ond layers of the winding are oriented mutually perpen- 
dicular, and the height of the face parts does not exceed 
the height of the slot. 

[0010] The concept "substantially square cross sec- 
tion" within the limits of this invention is considered as a 
cross section selected taking the following relationship 
into account: 

h = (0,9- 1,1) b, 

45 wherein h is the height of the cross section of the 
section, 

b is the width of the cross section of the section. 

[0011] The concept "substantially rectangular cross 
50 section" assumes any cross section, the length of two 
opposite sides of which exceeds the length of the two 
other opposite sides of that cross section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0012] Further the invention will be explained by a 
description of concrete variants of its fulfillment together 
with the appended drawings, in which: 
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Fig. 1 shows an electric motor of a submersible 
pump, in accordance with the invention, in a partial 
longitudinal section; 
- Fig. 2 shows a section along line 1 1 -1 1 in Fig. 1 ; 
Fig. 3 shows the face part of the section, in an iso- 5 
metric view. 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] An electric motor of a submersible pump 
includes a cylindrical body 1 with a laminated core 2 of 
a stator 3 mounted in the body and a rotor 5 separated 
from the stator 3 by a gap 4. The core 2 comprises two 
parts 6 and 7, of which an inner part 6 includes a tooth 
zone 8 with slots 9 that are open towards the periphery 
of that part and an outer part 7 is an annular yoke 
encompassing the inner part 6. Multiturn sections of a 
two-layer winding 1 0 with face parts 1 1 are placed in the 
slots 9 of the tooth zone 8. Each section of the winding 
of the stator has a substantially square cross section, 
which is selected so as to fulfill the relationship 
h = (0,9 - 1 , 1)b , where h and b are the height and width 
of the cross section of the section respectively. 
[001 4] Each section is formed by a plurality of turns 1 2 
of rectangular cross section, the turns being adjacent 
one another along their large surfaces, wherein one 
side of each section is positioned in a first layer 13 of the 
two-layer winding, the opposite side - in a second layer 
14. The sections are laid so that the large surfaces of 
the turns in the first and second layers 13, 14 of the 
winding 10 in each slot 9 of the tooth zone 8 are ori- 
ented mutually perpendicular, as a result of which the 
height of the face parts 1 1 does not exceed the height of 
the slot 9. 

[001 5] Assembly of the electric motor is carried out in 
the following manner. The sections of the winding 10 
are made separately from turns of wire of rectangular 
cross section, wherein the dimensions of the cross sec- 
tion of the section are selected, taking into account the 
relationship h=(0,9 - 1,1 )b , where h is the height of the 
cross section of the section, b is the width of the cross 
section of the section, which makes it possible to ensure 
a maximum space filling of the slot. Tne sections are 
preliminarily formed and laid into the open to the out- 
side, towards the side of the periphery of part 6, slots 9 
of the packet of sheets of the tooth zone 8. After that the 
packet of sheets of the annular yoke - the outer part 7, 
which is fixed against turning by any known method (for 
example by an adhesive) is put on from the outside. The 
prepared stator 3 with the winding 10 is arranged in the 
body 1 . in order to ensure assembly of the inner part 6 
of the tooth zone 8 with the winding 10 and the outer 
part 7 of the annular yoke, it is necessary that the height 
of the face parts 1 1 does not exceed the height of the 
slot 9. This is achieved in that the face parts 11 of the 
sections in the zone of transition from the layer 13 to the 
layer 14 are turned along the axis of the multiturn sec- 
tion, so that the turns of one side of each section, which 



form one of the two layers 13, 14 of the winding 10, are 
positioned parallel to the longitudinal axis of the slot 9, 
while the turns of the second side of each section are 
positioned perpendicular to that same axis. Making the 
winding 10 of wire having a rectangular cross section 
makes it possible to substantially enhance the filling fac- 
tor of the slot. 

[001 6] Operation of the electric motor of the submers- 
ible pump is carried out in the following manner. When 
current is applied to the winding 10 of the stator 2, inter- 
action of the magnetic field of the rotor 5, created either 
by permanent magnets or by currents in the short- 
circuited winding of the rotor (depending on the type of 
electric motor), with the currents in the winding of the 
stator creates a working moment and drives the output 
shaft of the electric motor into rotation. 
[001 7] The proposed construction makes it possible to 
reduce the weight and dimensions, including the diame- 
ter, of electric motors of submersible pumps, which 
makes it possible to expand the field of their utilization 
by servicing small diameter wells, and also to enhance 
the productivity of submersible electric pumps in small 
diameter wells. 

[001 8] The electric motor of a submersible pump that 
is made in accordance with the present invention is 
designed preferably for use as a drive for submersible 
pump units used in oil wells. 

Claims 

1. An electric motor of a submersible pump, including 
a body (1) with a laminated core (2) of a stator (3) 
arranged therein, in slots (9) of a tooth zone (8) of 
which multiturn sections of a winding (10) are dis- 
posed with face parts (11), and a rotor (5) spaced 
from the stator (3) by a gap (4), characterized in 
that the winding is made two-layer, the core (2) of 
the stator (3) comprises two parts (6, 7), an inner 
part including the tooth zone (8) with slots (9) open 
to the side of the periphery of that part (6), and an 
outer part (7) encompassing the inner and being an 
annular yoke, each section of the stator (3) winding 
(10) has a substantially square cross section and is 
formed by turns (12) of wire of substantially rectan- 
gular cross section, the turns lying adjacent each 
other along their large surfaces, wherein a first and 
a second side of each section are positioned in dif- 
ferent layers (13, 14) of the two-layer winding (10) 
so that in each slot (9) the large surfaces of the 
turns (12) in the first and second layers (13, 14) of 
the winding (10) are oriented mutually perpendicu- 
lar, and the height of the face parts (11) does not 
exceed the height of the slot(9). 
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